Aim: Vascular or valvular calcification is a manifestation of atherosclerosis. The aim of this study was to clarify the association between calcification in the vascular or valvular area and significant coronary stenosis; that is, the requirements of coronary revascularization (CR), and to analyze the most associated marker among those valuables. Methods and Results: A total of 253 consecutive patients underwent multi-detector spiral computed tomography (MDCT) to diagnose coronary artery stenosis. We quantitatively and qualitatively analyzed calcification in vascular (coronary artery, thoracic ascending and descending aorta) and valvular (mitral and aortic valve) areas. Of 253 patients, 56 with suspected coronary artery stenosis or who had heavy calcification that precluded a diagnosis of lumen stenosis underwent selective coronary angiography. Coronary artery stenosis was significant in 47 patients, of whom 40 underwent CR. The calcification score revealed a significant association between any two sites. Univariate analysis revealed that CR patients showed significantly more calcification at sites other than the aortic valve and a significantly higher calcium score at 3 vascular beds. Multivariate analysis revealed that the presence of calcification in the ascending aorta and a calcium score 103.8, a cut-off value determined by receiver-operating characteristics (ROC) curve analysis, for the coronary artery were independent factors for CR. Conclusions: Calcification at sites other than the aortic valve was significantly related to CR ( ). The presences of calcification in the ascending aorta and a calcium score 103.8 for the coronary artery were independently associated with CR. 
coronary artery stenosis by MDCT. Histopathological studies have shown a close correlation between the extent of coronary artery calcification (CAC) and the burden of atherosclerotic coronary disease [5] [6] [7] . Moreover, clinical studies using electron beam CT have identified a relationship between coronary artery disease and CAC [8] [9] [10] ; therefore, the total CAC score is thought to be a reliable indicator of detecting atherosclerotic coronary lesions 11, 12) . A recent report indicated that electron beam CT and MDCT have equivalent reproducibility for measuring CAC 13) 
Introduction
Coronary artery disease is a major cause of worldwide mortality and morbidity and an efficient noninvasive diagnostic modality is needed. Multi-detector spiral computed tomography (MDCT) can noninvasively detect coronary artery disease because it can show coronary artery luminal narrowing [1] [2] [3] [4] ; however, heavy calcification can interfere with the detection of cess with a predilection for specific anatomic locations 14) . Arterial bifurcation points and vascular areas with decreased shear stress are sites of atherosclerotic initiation 15) . Atherosclerotic calcification arises at sites of atherosclerotic plaques, where cellular necrosis coexists with inflammation and cholesterol deposition 16) . Cardiac valve calcification is a disorganized process similar to atherosclerotic calcification and the primary stimulus for valvular calcification appears to be a combination of mechanical stress and inflammation in the valve 17) . Attachment points of aortic and mitral valves to their annuli are sites of turbulent blood flow and might be susceptible to atherosclerosis. Calcium deposits might be precipitated in such locations with atherosclerosis; therefore, vascular and/or valvular calcification would indicate the existence of atherosclerotic change. Some clinical studies demonstrated a correlation between coronary artery disease and calcification of systemic arteries or valves 18, 19) ; however, few MDCT studies have compared the calcification of vascular and valvular areas as the marker most associated with coronary artery disease. The present study investigated the relationship between calcification in vascular (coronary artery, thoracic ascending and descending aorta) or valvular (mitral and aortic valve) areas and significant coronary stenosis; that is, the requirements of coronary revascularization (CR), and analyzed the most associated marker among these valuables using MDCT.
Methods

Subjects
Between November 2005 and May 2007, we evaluated 253 consecutive patients with suspected ischemic heart disease for coronary artery stenosis and the extent of calcified atherosclerosis in 3 vascular beds (coronary artery, ascending and descending aorta) and in 2 valves (aortic and mitral valves) by MDCT. The exclusion criteria were arterial fibrillation, renal insufficiency (serum creatinine 1.5 mg/dL), heart failure (ejection fraction 40%), a history of CR or cardiothoracic surgery, or the inability to hold the breath for 30 seconds. Within 1 month after CT angiography, 56 patients were referred for coronary angiography (CAG), and the data were further investigated.
The Ethics Committee of Osaka Medical College approved the study and each patient provided written informed consent to participate. Smoking status was defined as "ever" or "never" smoked. Hypertension was defined as systolic or diastolic blood pressure 140 or 90 mmHg, respectively, or current use of antihypertensive medication. Diabetes was defined as a fasting glucose ≥126 mg/dL or current use of antiglycemic medication. Hypercholesterolemia was defined as total cholesterol 220 mg/dL or current use of cholesterollowering medication.
MDCT Scan and Image Reconstruction Protocol
All patients were scanned with 16-MDCT (Aquilion 16; Toshiba Medical Systems, Tokyo, Japan). Images of each vascular bed and both valves were obtained from a single scan and preceded caudally from the aortic arch to the diaphragm. The collimation width was 2 mm for calcification scoring and 0.5 mm for angiographic scanning. Data sets were reconstructed in the cardiac cycle (35%, 40%, 45%, 70%, 75%, and 80% of the R-R interval), and those with the fewest motion artifacts were used to evaluate coronary artery stenosis.
All scans were analyzed by 2 experienced observers (cardiologist and radiologist) who were unaware of the patient's identity, clinical history, and the results of selective coronary angiography. Scan data were transferred to an off-line image analysis workstation (M900 Quadra; ZIO SOFT, Tokyo, Japan) and evaluated for the presence of significant coronary artery stenosis within 10 segments (1 − 3, 5 − 7, 9, 11 − 13 in AHA coronary classification) of the modified 16-segment model. Any narrowing of the normal contrast-enhanced lumen to 50% that could be identified in multiplanar reconstructions or cross-sectional images was defined as significant coronary artery stenosis.
Calcification was quantified using the same workstation with scoring software. Atherosclerotic calcification was defined as plaque of 1 mm 2 with a density of 130 HU. Quantitative calcium scores were determined according to the method described by Agatston 20) et al. In brief, the calcium score per lesion was calculated by multiplying the area of contiguous pixels by the corresponding density number using the following scale for density: 1 130 − 199 HU, 2 200 − 299 HU, 3 300 − 399 HU, 4 400. The total calcium score was then determined by summing lesion scores from all slices.
Characteristic images of vascular and valvular calcification detected by MDCT are shown in Fig. 1 . The presence of calcification of the aorta was defined as the presence of at least 1 detectable lesion of calcified deposit within the area of the aorta wall. Calcification of the aortic valve was defined as calcium located just inferior to the ostium of coronary arteries and at the point of attachment of the aortic valve leaflet, and the mitral valve was calcified at the junction between the left atria and left ventricle.
Selective CAG
Standard selective CAG (AXIOM ARTIS; Siemens, Erlangen, Germany) proceeded to obtain 10 projections (7 and 3 views of the left and right coronary arteries, respectively). Angiograms were assessed using quantitative coronary angiography software (QCA-CMS; Medical Imaging Systems, Leiden, Netherlands) by an independent and experienced interventional cardiologist who was unaware of the results of CT angiography. Significant coronary stenosis was defined as lumen narrowing of 50%.
Statistical Analysis
Measures of the accuracy of MDCT in detecting significant coronary artery stenosis (sensitivity, specificity, positive and negative predictive values) were calculated per segment and vessel.
The 2-tailed level of significance was 0.05 in all analyses, which were conducted using JMP7 (SAS Institute, Cary, NC, USA). The frequency of calcification per decade of age was compared using the chisquare test. Differences between groups with and without calcification were determined using MannWhitney's U test for continuous variables and the chisquare test for categorical variables. Simple correlations were calculated using the Spearman rank correlation procedure. Receiver-operating characteristic (ROC) curve analysis was performed to calculate sensitivity and specificity, and the area under the curve to select the optimal cut-off value of the calcium score for predicting CR. The calcium score was dichotomized by the optimal cut-off value and used for multi- variate analysis as variables. Multivariate analysis was performed to determine the factors related to CR. Variables were selected according to significant univariate analysis and calcification was evaluated for the presence (model 1) and calcium score cut-off value (model 2).
Results
The overall characteristics of the patients were: age 65.6 10.7 years, male gender 144 (56.9%), diabetes 124 (49.0%), hypertension 150 (59.3%), hypercholesterolemia 158 (62.5%) and ever-smoked 139 (54.9%). The coronary artery (68.2%) was the most frequent site of calcification, followed by the descending aorta (66.2%). In contrast, the frequency of calcification was relatively lower in the aortic (24.5%) and mitral (15.4%) valves. The prevalence of calcification at each vascular site and valve significantly increased with age (p 0.001). Table 1 compares traditional risk factors between groups with and without calcification in vascular bed and valves. Calcification of the 3 vascular beds was significantly associated with increased age, and a higher prevalence of hypertension, diabetes, hypercholesterolemia and smoking; however, calcification of the ascending and descending aorta did not significantly differ with respect to gender between groups. The prevalence of traditional risk factors in the calcification group tended to be higher with respect to valves; however, differences were significant in age and diabetes for both valves and for the mitral valve, respectively. Female gender was significantly more prevalent in the calcification group with calcified mitral valves.
The relationship between each calcification score was assessed using Spearman's rank correlation. The correlation between pairs of sites and that between the calcification scores of the ascending and descending aortas were of the highest magnitude (r 0.673, p 0.0001). The correlation was moderate between the calcification scores of the ascending aorta and of other regions of the vasculature or valves (coronary artery, r 0.506, p 0.0001; aortic valve, r 0.426, p 0.0001; mitral valve, r 0.355, p 0.0001). In contrast, the correlation between the calcification score of the mitral valve and others was of a relatively lower magnitude (coronary artery, r 0.281, p 0.0001; descending aorta, r 0.328, p 0.0001; aortic valve, r 0.346, p 0.0001).
Fifty-six patients with suspected significant coronary stenosis (31 patients, 55.4%) and with heavy calcification that precluded a diagnosis of luminal stenosis (25 patients, 44.6%) underwent conventional CAG. Of these, 47 (83.9%) had significant stenosis indicat- Thrty-two segments were incorrectly classified as significantly stenotic, which were proven to be only minor wall irregularities by CAG. Of the 47 patients diagnosed with significant stenosis by CAG, exercise electrocardiography or cardiac scintigraphy demonstrated ischemia in 40, and these patients underwent CR (37 patients with percutaneous coronary intervention, 3 patients with coronary artery bypass graft). All patients were divided into 2 groups according to the presence (n 40) or absence (n 213) of CR. The prevalence of all traditional risk factors other than age was significantly higher in the CR ( ) than in the CR ( ) group ( Table 2) . Calcification of the 3 vascular beds and the mitral valve was significantly more prevalent in the CR ( ) than in the CR ( ) group; however, the presence of calcification in the aortic valve did not differ between 2 groups. In addition, the calcification score of the 3 vascular beds was significantly higher in the CR ( ) than in the CR ( ) group and no significant difference was found between groups in both valves.
We quantitatively evaluated the calcium score as a marker to predict CR and constructed ROC curves. The calcium score of 3 vascular beds showed a significant association with CR (Fig. 2) . According to the optimal cut-off values (Table 3) , the calcium score of 3 vessels was dichotomized. Finally, we performed multivariate logistic regression analysis with using variables of traditional risk factors other than age, and the calcification of 3 vascular beds and the mitral valve (model 1) as well as the calcium score 103.8 for the coronary artery, calcium score 1.1 for the ascending aorta and calcium score 562.0 for the descending aorta (model 2) ( Table 4) . In model 1, calcification of the ascending aorta was the only significant factor of CR. In model 2, the calcium score 103.8 for the coronary artery and 1.1 for the ascending aorta were independent factors and the odds ratio of the ascending aorta was higher than that of the coronary artery. 
Discussion
Heavy calcification is a strong limitation for the diagnosis of coronary artery stenosis with MDCT and other helpful markers should be considered. In a large study comparing CAC to angiographic significant coronary stenosis, a CAC score greater than 100 resulted in a sensitivity of 95% and specificity of 79% 12) . Our study revealed almost the same cut-off value (CAC score 103.8). The CAC score in Fig. 1A is 103 .8, which is equal to a cut-off value by ROC curve analysis. The results of logistic regression analysis showed that a CAC score greater than 103.8, not the presence of CAC, was an independent factor for CR. The most striking finding in this study was that the calcium score 1.1 in the ascending aorta revealed a stronger association than the CAC score 103.8 for CR. The calcium score 1.1 was almost equivalent to the presence of calcification: calcium score 0. If we used cutoff points of a calcium score 0 in the ascending aorta instead of 1.1 in model 2, the results did not change (coronary artery, OR 3.58, 95%CI 1.42 − 9.03, p 0.007; ascending aorta, OR 4.69, 95%CI 1.53 − 14.39, p 0.007). As evaluation of the presence of calcification in ascending aorta is more practical and easier than summing the CAC score, it might be a more feasible marker for the requirement of CR than the CAC score in the clinical setting.
Atherosclerotic calcification of the abdominal aorta or coronary artery progressed at a younger age [21] [22] [23] , whereas the ascending aorta was less susceptible to atherosclerotic change. These data suggest that a calcified ascending aorta implies that other vascular beds, including the coronary artery, are involved in a more advanced phase of atherosclerotic disease. Our result that calcification in the ascending aorta was an independent marker for the requirement of CR is likely to be in agreement with these findings.
Others [24] [25] [26] have shown that the amount of CAC depends on age, male gender, hypertension, hyperlipidemia, smoking and diabetes mellitus; however, few studies have addressed the association between traditional risk factors and calcification of other vascular beds and valves. We found here that all traditional factors other than gender were related to calcification of the ascending and descending thoracic aorta, as well as the coronary artery. Interestingly, calcification of the mitral valve significantly prevailed among women, which is in agreement with the findings of others 27, 28) . Several studies have shown that mitral annular calcification in elderly women but not in men can be attributed to ectopic calcium deposits, related to the severe bone loss caused by postmenopausal osteoporosis 29, 30) , but the mechanism has remained unclear. In short, compared with the aortic and mitral valves, calcification of one of the other vascular beds was significantly related to traditional risk factors.
Calcification in the coronary arteries generally occurs in the intimal layer and its distribution can be evaluated by intravascular ultrasound 31) ; however, calcification in non-coronary arteries, such as the aorta, occurs in both the intimal and medial layers of the artery. Medial calcification is not associated with atherosclerotic plaque but is strongly associated with diabetes 32) or end-stage renal disease 33) . In the present study, it is unclear how much of the calcification detected in the aorta was related to atherosclerotic plaque and how much was related to non-atherosclerotic plaque because intimal calcification cannot be differentiated from medial calcification on MDCT.
In light of the increased mortality and morbidity associated with valvular and vascular calcification 34, 35) , therapeutic strategies to prevent or retard calcification processes are particularly appealing. A hydroxymethylglutaryl coenzyme A reductase inhibitor, statin, has been reported to prevent or attenuate degenerative calcification in the coronary artery 36) or aortic valve [37] [38] [39] ; however, a recent prospective study 40) revealed the opposite results and these data are not fully convincing. Therefore, atherosclerotic changes in patients with vascular or valvular calcification should be recognized and traditional risk factors should be strictly managed to inhibit cardiovascular events. 
Study Limitations
The sample size is relatively small and the sample for this study may not be representative of the general population, which limited our ability to determine significance.
We did not perform CAG in all patients with MDCT and it is possible that some patients were diagnosed incorrectly; however, the diagnostic accuracy in patients without calcification was high as previously reported [1] [2] [3] [4] , so most patients are thought to have been correctly diagnosed.
Although we used 16 MDCT to collect the data in the present study, 64 MDCT or dual-source CT is now available. Because temporal and spacial resolutions are greatly improved in these tools, the results might change; however, even with these tools, some reports have demonstrated that calcification greatly affected image quality and decreased diagnostic accuracy 41, 42) . We are currently collecting data using 64 MDCT. 
